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RGAP 水稻数据库信息显示，OsOT 基因编码一种氧化还原酶，包括 4 种可
变剪接体 OsOT.1-OsOT.4，在本实验中扩增出了新的一种可变剪接体，将其命名
为 OsOT.5。利用 InterproScan 在线工具对这 5 种可变剪接体编码的蛋白进行结构
域预测，发现均包含一段 Non-haem dioxygenase N-terminal 区域、部分 2-OG Fe(II) 
dioxygenase 结构域以及一段 Isopenicilin N synthase-like 结构域。 
本实验构建了 OsOT.1 和 OsOT.5 两种可变剪接体的亚细胞定位载体，PEG
介导的水稻原生质体瞬时转化实验显示，OsOT.1 和 OsOT.5 两种蛋白分布在在原
生质体细胞质中，在细胞核中可能也有分布。利用转基因技术获得了 OsOT 基因




染色结果较为一致，然而与 OsOT 基因的组织表达谱（qRT-PCR）存在差异。 
此外，还利用转基因技术获得了 OsOT 基因 CRISPR/Cas9 植株，以及 OsOT.1




对野生型水稻植株、OsOT.1 超量表达植株以及 CRISPR/Cas9 植株叶片中





















量低于野生型植株，但在不同的 CRISPR/Cas9 植株中表达存在差异；除了 OE-7
植株，3 种 CAT 同工酶基因在其余 7 株转基因植株中的表达量不变或低于野生
型植株，且 OsCATA 在 Cas9 植株中的表达水平下调程度低于超量表达植株；






















In order to maintain normal growth condition and development, redox reactions 
including photosynthesis, oxidative metabolism and biosynthesis of carbohydrate, 
lipid and protein happen all the time in plant cells. To avoid external damage and 
stress,the plant has developed an intricate network comprised of a variety of redox 
couples and redox enzymes since the sessile organism cannot move freely. Reactive 
oxygen species (ROS) are the primary signal molecules in redox network.Because an 
accumulation of ROS in cells can lead to oxidative stress and the redox homeostasis 
will be disturbed which can result in defective physiological function or even 
uncontrolled cell death. Therefore, it is important to isolate and identify 
oxidoreductase genes and to study their functions in redox network. 
RGAP database shows that OsOT gene encodes a oxidoreductase, including four 
alternative splicings named from OsOT.1 to OsOT.4 respectively. In this experiment, a 
new alternative splicing was identified which was named OsOT.5. Using the 
InterproScan online tool to predict the proteins encoded by these five alternative 
splicings, it was found that they both had the N-terminal region of a non-haem 
dioxygenase, part of the 2-OG Fe(II) dependent dioxygenase domain as well as an 
Isopenicilin N synthase-like domain. 
In this study, we constructed the subcellular localization vector of OsOT.1 and 
OsOT.5 respectively, the results of PEG-mediated protoplast transient transformation 
showed that both OsOT.1 and OsOT.5 proteins distributed in cytoplasm of rice 
protoplasts, and maybe the nucleus as well.Genevestigator database shows that the 
expression level of OsOT is not high in different stages, different tissues and organs in 
rice.Besides,we obtained OsOTpro::GUS transgenic plants whose GUS straining 
results indicated OsOT is mainly expressed in coleoptile,embryo,internode and blade, 
which were consistant with the database analysis but not the result of qRT-PCR. 
Moreover, we obtained OsOT.1 over-expressing transgenic plants and 
CRISPR/Cas9 transgenic plants by genetic transformation. Five CRISPR/Cas9 
















ways. The mutation types included base insertions, substitutions, and chromosome 
fragment deletions, which resulted in one amino acid deletion, and truncation of 
OsOT protein.  
The activity of SOD, CAT and POD in leaves were detected in wild-type 
(Nipponbare)、OsOT.1 over-expressing plants and CRISPR/Cas9 plants.The results 
showed that SOD、POD and CAT activity in CRISPR/Cas9 plants increased 
differentially,while there was no significant change in OsOT.1 over-expressing 
plants.It is suggested that the knockout of OsOT could induce a certain degree of 
oxidative stress to rice which increased the activities of antioxidases. 
qRT-PCR assay of 8 ROS scavenging related genes showed that the expression 
of OsAPX3 in two transgenic plants was lower than that in wild plant, and the 
expression level of OsAPX4 in three types of plants behaved irregularly. The 
expression level of OsCSD3 in over-expressing plants was lower than that in wild 
plants but varied in different CRISPR/Cas9 plants. In general, the expression of three 
OsCAT homologues in all transgenic plants except OE-7 was lower than or the same 
as that of wild plant.What’s more, the expression level of OsCATA in CRISPR/Cas9 
plants was higher than that of over-expressing plants. The expression of OsGPX1 in 
all transgenic plants except OE-7 was lower than that of wild plant, and the 
expression level of OsAPX4 in three types of plants behaved irregularly. 
In conclusion, the expression of OsOT gene may be temperal/spatial-specific and 
may play a role in the maintenance of rice redox homeostasis, but the concrete and 
detailed mechanism remains to be further studied. 
















缩略词 英文名称 中文名称 
ROS Reactive oxygen species 活性氧 
SOD Superoxide dismutase 超氧化物歧化酶 
POD Peroxidase 过氧化物酶 
APX Ascorbic acid oxidase 抗坏血酸过氧化物酶 
GPX Glutathione peroxidase 谷胱甘肽过氧化物酶 
CAT Catalase 过氧化氢酶 
GFP Green fluorescent protein 绿色荧光蛋白 
GUS β-Glucuronidase 葡萄糖苷酸酶 
qRT-PCR Real-time quantitative RT-PCR 实时荧光定量 RT-PCR 
PCR Polymerase chain reaction 聚合酶链式反应 
Hyg Hygromycin 潮霉素抗性基因 
Cef cefotaxime Sodium 头孢霉素 
Carb carbenicillin 羧苄青霉素钠 
CTAB Cetyltrime thylammonium bromid 十六烷基三甲基溴化胺 
pfam Protein family 蛋白家族 
2-OG 2-oxoglutarate 2-氧化戊二酸 
DAB 3,3’-diaminobenzidine 二氨基联苯氨 
cDNA complementary DNA 互补 DNA 
CDS Coding DNA sequence DNA 编码区 



































1. 脱氢酶 催化：RH+R’⇋ R+R’H 
大部分脱氢酶需要还原型辅酶Ⅰ（nicotinamide adenine dinucleotide， 
NAD(H)）和还原型辅酶Ⅱ（ nicotinamide adenine dinucleotide phosphate， 
NADP(H)）作为辅因子。不同脱氢酶对其专一性要求不同，NAD(H)一般作为参
与分解代谢的脱氢酶的辅酶，而 NADP(H)则作为参与合成代谢的脱氢酶的辅酶。 
2. 氧化酶 催化：RH+O2⇋ R+H2O2 or H2O 
根据催化得到底物的不同，可将氧化酶分为两类。第一类氧化酶以黄素核苷

































（electron transfer or transport systerm）的物质，通过自身的氧化还原将脱氢酶和
氧化酶连接起来组成呼吸链，在生物氧化和氧化磷酸化中起到重要作用。铁硫蛋






























及在一些酶促反应中，都会生成 ROS。在植物体内，产生 ROS 的主要细胞器包
括叶绿体的光反应中心、线粒体、过氧化物酶体等[13-16]。 
叶绿体（chloroplast）是光合作用的场所，类囊体上的光反应中心 PSⅠ和
PSⅡ是 ROS 的主要产生位点。早在 1951 年，Mehler 在研究叶绿体中光反应机
理时发现在 PSⅠ中，O2 被还原为 H2O2
[17]。Asada 在 1974 年进一步发现，O2的
第一个还原产物是 O2¯•，O2¯•通过歧化反应生成 H2O2 和 O2
[18]，在 Fe2+或 Cu2+
的存在下，还可以催化 O2¯•与 H2O2 发生 Haber-Weiss/Fenton 反应产生•OH
[19]；
在 PSⅡ中，处于基态的 O2 在受到激发光的刺激后，被叶绿素反应中心 P680 激
活成单线态氧[14,18]。 
线粒体（mitochondrion）是呼吸作用的主要场所，在代谢的过程中也可以产




脱氢酶）和复合体Ⅲ（泛醌-细胞色素）均可以将 O2 还原为 O2¯•，而后者可以
通过线粒体膜间隙和线粒体基质中的铜锌超氧化物歧化酶和锰超氧化物歧化酶






的重要细胞器。产生的 ROS 包括过氧化氢( H2O2 )、超氧阴离子(O2¯•)、羟自由


















图 1-1：植物细胞中 ROS 产生的示意图[25] 
Figure 1-1：Diagram of ROS production in plant cell 
 
的呼吸作用途径进行了描述[26]，在该途径中，O2 得到代谢物质的电子，歧化生 
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